Clonal variations were observed amongst 12 clones of Dalbergia sissoo belonging to four states (U.P, Uttaranchal, Haryana and Rajasthan) of India, representing four different geographical zones in respect of ex vitro shoot coppicing ability and in vitro responses. Coppicing ability of shoot hedges of clones exhibited significant variation which ranged from average of 13.81 coppiced shoots (Clone 40, Uttar Pradesh) to 9.29 (Clone 64, Haryana). Comparative analysis of clones from different regions in respect to their coppicing ability revealed that clones from U.P had higher coppicing ability whereas those from Haryana proved to be least coppicers. Regional variations were also exhibited in the in vitro multiple bud induction ability on nodal explants excised from shoot hedges of clones (mean number of buds induced and percentage of cultures forming multiple buds). Regional as well as inter clonal variations were recorded in the shoot proliferation efficiency as well as rootability of microshoots of these clones as well as their optimal plant growth regulator requirements. BAP alone (2.5 µM) was sufficient for inducing multiple buds on cultured nodal explants of Uttaranchal and Uttar Pradesh region clones. On the contrary, clones from Rajasthan and Haryana had higher optimal requirement of BAP and in addition, they required media to be supplemented with auxin (NAA) for induction of multiple buds on explants. Correlation analysis between shoot coppicing ability of clones and in vitro performances of explants of these clones cultured on 2.5 µM BAP indicates a positive correlation. Observation lays credence to our view that these characters are genetically controlled and shoot coppicing can be used as a marker character in optimizing in vitro performance of clones. Using the information generated by this paper in vitro production of elite planting material can be maximized by ameliorating plant growth regulator requirement in the medium.
Introduction
Mass propagation of superior genotypes of tree species can be achieved by macropropagation and micropropagation. Development of suitable regeneration methodology for mass propagation (ex vitro and in vitro) applicable to entire population of species is limited by its genotypic diversity. Role of genotype during different phases of vegetative propagation has been elaborated by several workers (BROWN, 1981; HARTMAN and KESTER, 1983; PANETSOS et al., 1987; HAISSIG and RIEMEN-SCHNEIDER, 1988; LEAKEY et al., 1994) . Availability of cuttings for macropropagation from shoot hedges depends upon its coppicing magnitude, which is believed to be under genetic control (GURUMURTHI, 2000) . Variation in the coppicing ability amongst clones has been demonstrated in Dalbergia sissoo Roxb. (PAL et al., 2003) during macropropagation experiments.
Regeneration of any species under in vitro environment is the complicated interaction of genotype and available plant growth regulators in the medium. Maximizing the magnitude of response depends on the suitability of available plant growth regulator level, physiological and genotypic configuration of the explant (KALIA, 2003) . Variability in the responses of clones and their reactivity to different steps of micropropagation (establishment, proliferation, rooting) has been demonstrated in Pinus radiata by HORGAN (1987) . In addition, AHUJA (1983) , COLEMAN and ERNEST (1989) reported that shoot regeneration ability of different Populus clones (hardwood) is genotype dependent. Apart from shooting and rooting ability, differences in patterns of proliferation under in vitro environment have been reported in case of Eucalyptus hybrids (SHARMA and KALIA, 2004) .
Dalbergia sissoo Roxb. (Leguminosae, Subfamily Papilionoideae) is a medium to large deciduous tree with a light crown. Sissoo is native to the foothills of the Himalayas of India, Pakistan and Nepal, which is its center of origin. It is primarily found growing naturally along river banks below 900 m elevation. Dalbergia sissoo is best known internationally as a premier timber species of the rosewood genus. Several reports document regeneration of the plantlets using various explants on different media and plant growth regulator combinations but each of these fail to throw light on clonal variations as well as upon the minimal physico chemical requirements for mass scale propagation (KALIA, 2003) .
In the past decade resources of the tree have also dwindled because of die back of mature trees and indiscriminate felling due to human greed. The present work is an effort to investigate the extent of variability with respect to shoot coppicing ability and in vitro establishment of cultures amongst different clones of Dalbergia sissoo Roxb, exhibiting superior silvicultural traits from diverse geographical units (provenances). Study will help in standardization of physico-chemical conditions for in vitro propagation on mass scale through axillary bud proliferation.
Materials and Methods

Plant material
Plant material for the present experiment was collected from the vegetative multiplication garden (F. R. I.) where assemblage of clones raised by means of mature cuttings and cuttings from root suckers of selected plus trees were maintained as shoot hedges. Twelve clones were selected from this vegetative multiplication garden based on their performance in clonal trials at three different regions of India viz. Haryana (Bithmera), Punjab (Hoshiarpur), and Uttaranchal (Lal Kuan). This has generated the curiosity to investigate the ex vitro coppicing ability and in vitro proliferation pattern, multiplication rate and root- 
In vitro studies
Surface sterilization:
Branches measuring 5 to 10 cm taken from shoot hedges were washed with running tap water and cut into nodal explants of 1.5-2.0 cm size. Explants were washed in liquid detergent solution (teepol, 4-5 drops/100 ml of double distilled water) for 10-15 minutes followed by two to three washes with double distilled water. Explants were then surface sterilized with 0.10 % mercuric chloride for 20 minutes followed by EtOH (90 %) for 5 minutes and then rinsed with sterilized double distilled water four to five times. Before inoculation, proximal and distal ends of explants were trimmed to remove dead tissue.
a.) Establishment of cultures
To adjudge the multiple bud induction and axillary shoot proliferation, surface sterilized explants (1.5-2.0 cm) from different clones were cultured on MS medium (MURASHIGE and SKOOG, 1962) supplemented with plant growth regulators. Effect of cytokinin (BAP) alone was assessed at concentrations 2.5 µM-12.5 µM. Combination of BAP (2.5 µM-5.0 µM) were tried along with NAA (0 µM, 0.50 µM, 1.25 µM) in the second set of experiment. Data were recorded in respect to multiple bud induction (number of multiple buds, percentage of cultures responding, percentage of responding cultures forming multiple buds). Only those explants which formed 3 or more than three buds over and above the single preformed axillary bud were scored for multiple buds and average number of buds induced was calculated by subtracting existing axillary buds at the time of inoculation. For axillary shoot proliferation data were recorded in respect of number of axillary shoots/explant, conversion percentage of buds into shoots (total number of shoots/total number of buds x 100) and length of induced shoots. For each treatment of experiment 24 replicates or explants were maintained and each experiment was repeated four times.
b.) Multiplication of cultures
Established explants were reared for one subculture on MS basal medium for two weeks before multiplication. For shoot multiplication propagule of three shoot (2-2.5 cm) each were used. For culture multiplication, full strength MS medium was supplemented with 2.5 µM BAP. Multiplication rate was recorded in respect to gain in number of shoots per subculture cycle (increase in number of shoots = number of shoots-number of shoots cultured) and dividing the gain by number of shoots in a propagule (three shoots). Multiplication data were recorded after sixth subculture cycle (three weeks) for five consecutive subculture cycles. Twenty-four replicates of each clone were maintained for all subculture cycles. c.) Rooting of shoots Rooting ability of different clones was adjudged by culturing in vitro multiplied single shoots on MS medium supplemented with IBA (2.5-10 µM). Before culturing on rooting medium, shoots were cultured for one week on basal medium. For rooting data were recorded after three weeks in respect of percentage of rooted shoots, average root length and number of roots induced per explant. Each experiment, was repeated three times and twenty-four replicates were maintained for each treatment.
All the media used during establishment, multiplication and rooting experiments were supplemented with sucrose (3 %) as carbon source and gelled with 0.8 % agar-agar unless and otherwise stated. Prior to inoculation, media were sterilized in autoclave at 15-pound pressure for 20 minutes. All chemicals used in the experiment were of Qualigen, India and Sigma make.
d.) Hardening and acclimatization of plantlets
In vitro rooted shoots were transferred to wide mouth bottles containing half strength liquid MS medium without vitamins and supplemented with 1% sucrose. Cotton was used as support to keep shoots upright in the liquid medium during hardening. Plantlets were placed in this medium for 15-20 days. For acclimatization, these hardened plantlets were transferred to polybags containing sand, soil (top soil) and farmyard manure (well decomposed cow dung) in 1:1:1 ratio and were supplied with 1/4x MS medium without vitamins. Initially the plantlets were covered with perforated polybags to retain moisture and were kept in shade. After 1 week, the perforated polybags were removed for 1-2 h daily, gradually the time was increased to 5-6 h and then to 8-10 h daily. Finally, the polybags were permanently removed. After one month, the hardened and acclimatized plantlets were transferred to pots.
Univariate analysis of variance of data were done using SPSS 8.0 software. Post hoc analysis of data were performed by Scheffe's method. Data recorded for each of the experiment is presented as Mean ± S.D in the tables.
e.) Correlation analysis
In order to find correlation between shoot coppicing ability of clones i.e. mean number of coppiced shoots and in vitro parameters (mean number of multiple buds, percentage of responsive cultures, percentage of cultures forming multiple buds, mean number of shoots and percentage of buds proliferated into shoots) experiments were carried out. In each experiment twelve shoot hedges of each clone were selected randomly and from each shoot hedge two explants were cultured. Shoot hedges were scored for mean number of coppiced shoots at the time of explant collection and was correlated with in vitro responses of cultured explants. Experiment was carried out on Kalia et al.·Silvae Genetica (2004) 53-5/6, 212-220 DOI:10.1515/sg-2004-0039 edited by Thünen Institute of Forest Genetics BAP concentrations ranging from 2.5 µM-12.5 µM. For each experiment same set of shoot hedges were used for each of the treatment. Each experiment was carried out three times. Correlation was calculated by Karl Pearsons method and data presented in table for r-value or coefficient of correlation. Correlation was calculated for each of the individual concentration of BAP as well as for the pooled data. 
Results
Ex vitro studies
In vitro studies
Successful establishment of aseptic cultures using nodal explants was achieved following the afore-mentioned surface sterilization procedure. Percentage establishment of aseptic culture varied amongst different clones from 95.83 % to 100 %. No significant differences were noted amongst different clones in respect to aseptic culture establishment from explants collected from April to June.
a.) Establishment of cultures
Multiple bud induction:
Results indicated differential response of explants from different clones with varying BAP concentration in the medium ( Table 2) . Optimal concentration of BAP in inducing multiple buds on explants, their responsiveness and percentage of responsive culture inducing multiple buds varied from 2.5 µM to 10 µM amongst clones. Nodal explants of clones from Pathri and Gonda induced highest percentage of cultures with multiple bud on medium supplemented with 2.5 µM BAP. Explants from only one clone (clone 88) required higher BAP supplemented medium (10 µM) for their response optima (percentage of multiple buds induced). A similar trend was exhibited in respect of mean/average number of buds induced amongst the clones. Apart from exhibiting variation in their optimal requirement of BAP, explants from different clones exhibited variation amongst themselves in average number of buds induced, responsiveness as well as percentage of multiple buds induced. Clone 36 excelled over other clones in the percentage responsiveness, percentage of cultures inducing multiple buds as well as mean number of buds induced. Nodal explants from clones 88 and 90 exhibited least multiple bud induction poten- tial. Responsiveness of explants from Haryana clones (62, 64, 66) was lower than clones from other areas at their optimal concentration. Significant variations were observed amongst different provenances in respect to the parameters studied. Provenance Gonda proved superior for average number of multiple buds induced and frequency of multiple bud induction followed by Pathri, Chichrauli and Hanumangarh. However, percentage of responsive explants was highest in clones from Gonda and least in those from Chichrauli. Cultured explants of clones exhibited varying degree of callogenesis at distal end of explant in contact with the medium, which enhanced with increase in BAP concentration. Clones from Rajasthan and Haryana exhibited lesser callusing compared to clones from other states.
Addition of auxin (NAA) along with BAP resulted in enhanced responsiveness of explants from clones of Rajasthan (88, 90, 101) and Haryana (62, 64, 66) with respect to buds induced, percentage responsiveness as well as percentage of explants forming multiple buds. On the contrary, media combination of BAP and NAA was found deleterious for all parameters studied for multiple bud induction on explants of clones from Uttranchal (9, 10, 12) and Uttar Pradesh (36, 40, 44) . NAA (0.5µM) in combination with BAP exhibited promotery effect for all clones from Haryana and clone 90 and 101 from Rajasthan (Table 3) . Multiple bud induction ability of clones declined when NAA concentration in the medium was increased to 1.25 µM, except in clone 88 from Rajasthan.
Axillary shoot proliferation
Variations were also registered amongst explants from clones for average number of axillary shoots proliferated and conversion percentage of buds into shoots. Nodal explants of clone 36 cultured on medium supplemented with 2.5 µM BAP induced more mean number of shoots (3.21) and bud to shoot conversion percentage (93.65 %) compared to other clones, thus indicating their high shoot proliferation efficiency. A general trend of decreased bud conversion into shoots as well as shoot length was exhibited at concentrations beyond 5 µM for all the clones except clone 88, which exhibited maximum bud to shoot conversion at 10 µM BAP concentration ( Table 4) . No significant Kalia et al.·Silvae Genetica (2004) 53-5/6, 212-220 DOI:10.1515/sg-2004-0039 edited by Thünen Institute of Forest Genetics differences were recorded in average number of shoots proliferated in different clones, whereas bud to shoot conversion was highest in clone 66 and least in clone 10. Average shoot number also varied amongst clones from different states (provenances) with highest being in clones collected from Gonda (U.P) followed by clones from Chichrauli (Haryana), Hanumangarh (Rajasthan) and Pathri (Uttranchal). However, conversion of buds into shoots followed a different trend with highest in clones from Haryana and least in clones from Pathri.
A diminutive trend in average shoot number and bud conversion into shoots was observed in clones from Uttaranchal and Uttar Pradesh with increase in NAA concentration in the medium. Media supplemented with NAA (0.5 µM) proved effective for axillary shoot proliferation and bud into shoot conversion in clones from Haryana and Rajasthan. Higher concentration of NAA (1.25 µM) proved deleterious to clones irrespective of their place of origin ( Table 5) . Incorporation of NAA in the medium enhanced callusing at the base of explants.
b.) Multiplication of cultures
Differential in vitro responses of clones on media with varying plant growth regulator combinations suggested their differential reactivity towards plant growth regulators as well as elicited differences in their multiplication potential. Significant differences were observed amongst clones in respect of their multiplication potential. Multiplication potential of clone 44 was highest and clone 90 was least (1.78). Clones also exhibited significant regional variation in their multiplication rates (Table 6 ). Clones from Uttar Pradesh exhibited significantly higher multiplication ability than clones from Uttaranchal, Rajasthan and Haryana. Average shoot length, an index of shoot growth was significantly higher in clones from Rajasthan and Haryana than clones from Uttar Pradesh and Uttaranchal. Multiplied shoots of clone 64 were longest and clone 9 shortest. Significant differences were recorded for shoot length amongst clones.
c.) Rooting of shoots Rooting percentage of microshoots of different clones differed significantly from each other ( Table 7) . Microshoots of clone 36 exhibited highest rooting percentage (87.50 %) while those of clone 101 exhibited least rooting at the optimal phytohormonal concentration. On the contrary, longest roots were induced on the microshoots of clone 101 than any other clone. Efficiency of rooting also varied with IBA concentration in the medium. Microshoots of clones 12 and 40 exhibited higher rooting percentages on media supplemented with 2.5 µM IBA, whereas, for microshoots of clones 9, 10, 36, 42, 62, 64 5 µM IBA was optimal and those of clones 66, 80, 90 and clone 101 rooted at higher frequency on IBA concentration of 7.5 µM and 10 µM respectively. Significant differences were recorded amongst clones with respect to percentage of rooted microshoots, root length and root number. Clone 36 excelled in all the three parameters of study. Rooting parameters also varied significantly between different provenances with Gonda provenance excelling in all three parameters.
d.) Hardening and acclimatization
Rooted microshoots were successfully hardened. Plantlets after successful hardening were transferred to poly bags filled with different potting media. Potting media containing sand: soil: FYM (1:1:1) was found superior to other media. Percentage of plants successfully acclimatized varied with clones (Data not presented). Acclimatized plantlets were then successfully transferred to earthen pots and then to field. e.) Correlation analysis A significant and positive correlation was observed between the shoot coppicing ability and in vitro characters of cultured explants on the BAP concentration of 2.5 µM except percentage of buds proliferated into shoots ( Table 8) . Level of correlation exhibited a decline with increasing BAP concentration in the medium.
Discussion
Genetic make up and growth environment of the donor plant explicits itself in its phenotypic expression. Therefore, clonal variation was evident in the shoot coppicing ability and in vitro responses of the different clones. Significant variations were observed in the shoot coppicing ability of different clones. Present finding is in agreement with those of PAL et al. (2003) .
In vitro performance (multiple bud formation) and survival of cultures (percentage response) during establishment phase as well as plant growth regulator requirement varied considerably amongst different clones. Clones from Uttar Pradesh and Uttaranchal required 2.5 µM BAP alone. On the other hand clones selected from Rajasthan required media combination of BAP and NAA (0.5 µM). Our results are in agreement with other reports where differential requirement of plant growth regulators and variability in responses was noted. HAMMER-SCHLAG (1982) noted significant differences in survival response between cultivars of Prunus avium. Studies indicate that diverse cultivars have differential responses and growth requirements (NORTON and NORTON, 1985; SIMPSON and BELL, 1989 ).
Shoot proliferation ability of different clones exhibited a variation amongst clones. A general trend of reduced proliferation with or conversion of buds into shoots was observed with increase in BAP concentration in the medium. NORTON and NORTON (1985) observed similar genotype dependent variation for shoot proliferation and plant growth regulator requirement amongst 20 cultivars of Family Ericaceae. Intraspecific variations amongst spiny and spineless genotypes of Prosopis cineraria for their shoot forming ability and phytohormone requirements were also registered (KACKAR et al., 1991; SHEKHAWAT et al., 1993) . Coppicing ability of clones and their multiple bud induction capacity seems to exhibit a correlation and there by giving impetus to our belief that said traits are genetically controlled.
Multiplication rate of clones exhibited significant variations amongst themselves. Multiplication potential of these clones exhibited an erratic behavior upto six subculture cycles after which it stabilized. Therefore, multiplication experiments were carried out after six subculture cycles. Our findings are in corroboration with findings of workers where genotypic variations were encountered in the in vitro indices during culture multiplication phase (AHUJA, 1983; COLEMAN and ERNEST, 1989) .
Efficiency of in vitro adventitious rooting was found to be highly variable amongst different clones. Rooting indices and auxin requirement exhibited a variation. Clones 12 and 40 exhibited higher rooting percentages as well as number. Role of genotypic variations in rooting has been encountered in studies of different research groups (HORGAN and HOLLAND, 1989; BERGMANN and STOMP, 1994; SCALTSOYIANNES et al., 1994) . They recorded variation in percentage of shoots rooted and number of roots per shoot.
In present study, variability has been observed in the in vitro performances of clones on the similar plant growth regulator levels as well as their plant growth regulator requirements. An interesting observation has been made during culture establishment phase that clones from one geographical unit (provenance), exhibited a remarkably similar behaviour. This suggests that these clones are derivatives of the same family and have been disseminated during their normal growth cycles. However, exception of the above is clone 12 from Uttaranchal. Superior performance of one of the clones (Clone 12) from Uttaranchal indicates superior gene combinations or a natural variation.
Correlation matrix (Table 8 ) illustrated a positive significant correlation between shoot coppicing ability of clones and in vitro growth attributes of explants cultured on 2.5 µM BAP except percentage conversion of buds into shoots. Result thus clearly points out that at the minimum plant growth regulator concentration in the medium in vitro attributes are strongly correlated to the plant characters in ex vitro conditions and hence are genetically governed. However, decrease in correlation with increase in BAP concentration is an indicator that different clones have different plant growth regulator requirement for their optimal performance. Correlation between shoot coppicing ability of different clones and their in vitro performances thus provides us an insight that coppicing ability of clones can be used as a parameter in media designing and adjudging plant growth regulator requirements for optimal in vitro performances. Our finding that coppicing ability is under genetic control is in concurrence with view of GURUMURTHI, (2000) . In addition we suggest that in vitro traits are also genetically controlled.
Results of the present study will help the researchers in designing optimal in vitro requirements for commercial propagation of this hard wood and economically tree species, and of clones having economically important silvicultural traits. Since multiplication rate was estimated on one plant growth regulator level, hence, clones have exhibited variation in multiplication rate. However, experiments are in progress to maximize the multiplication rate of individual clones independently. It can result in increased availability of planting stock for farm forestry and production forestry purposes.
